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Description 

The invention relates to a system for producing 
an aerosol beam of solvent-depleted solute with a 
narrow particle size distribution according to the 
preamble of claim 1 . 

Such a system is known from US-A-4629478. 
This known system comprises a monodisperse 
aerosol generator for producing a stable jet of 
liquid at a velocity allowing columnar break up into 
droplets of uniform size and spacing. The mon- 
odisperse aerosol is dispersed by entrapment in a 
high velocity gaseous stream preventing degrada- 
tion of the monodisperse aerosol. The system fur- 
ther comprises a desolvation chamber to allow 
volatilization of the solvent and a multistaged pres- 
sure reducer for continuously evacuating solvent- 
depleted solute and gaseous medium to form an 
aerosol beam of solvent-depleted solute, which is 
introduced into a mass spectrometer. This system 
can be used as an interface for direct injection into 
a mass spectrometer or as an interface between a 
liquid chromatograph and a mass spectrometer. 

A disadvantage of this system is the limitation 
to the on-line analysis of the solvent-depleted so- 
lute by a mass spectrometer, wherein the solute 
particles are destroyed. No additional information, 
derived from other techniques, can be obtained. 

Accordingly it is an object of the invention to 
provide a system for producing an aerosol beam of 
solvent-depleted solute, wherein the obtained sam- 
ples of the solute are not destroyed. 

Another object of the invention is to provide a 
system for producing a aerosol beam of solvent- 
depleted solute, wherein the obtained samples of 
the solute are analysed prior to collecting thereof. 

A further object of the invention is to provide 
such a system, which makes it possible to analyse 
the obtained samples by techniques other than 
mass spectrometry. 

Still another object is to provide a system, 
wherein the obtained samples can be removed 
from the system for off-line analysis. 

The system according to the invention of the 
above mentioned type is characterized by a collec- 
tion surface for collecting the beam of solute par- 
ticles. 

The monodisperse aerosol generator has sepa- 
rate utility aside and apart from the interface struc- 
ture inasmuch as it may be used as a primary 
aerosol standard for reference purpose, as a 
source of injection of uniform particles to internal 
combustion devices, and as a source of sample 
solution introduction in flame and plasma atomic 
spectrometry (e.g., atomic absorption, atomic emis- 
sion and atomic flouorescence spectroscopy). The 
monodisperse aerosol generator is, however, pri- 
marily intended for use as a means of solution 



introduction to a device acting as an interface be- 
tween a liquid chromatograph and a particle collec- 
tion apparatus, or for direct introduction of sample 
solutions to the interface without the use of the 
5 liquid chromatograph. The preferred interface 
structure according to this invention accepts the 
monodisperse aerosol and desolvates it to form a 
solute aerosol beam which, with high purity, is 
introduced into a particle collection apparatus. 

w The device is intended to provide a source of 
aerosol particles with a narrow particle size dis- 
tribution, and with a high degree of efficiency. It will 
be capable of producing aerosols from a wide 
range of liquids of varying physical properties. 

15 These liquids will include water and solutions of 
substances soluble in water, organic solvents, and 
solutions of substances soluble in organic solvents. 
The device will produce a stable aerosol, such that 
the aerosol, once formed, will show little tendency 

20 to coagulate to form agglomerates of particles. The 
aerosol will, however, be capable of controlled 
evaporation for partial or complete removal of sol- 
vent. The size of the aerosol droplets will be con- 
trollable by simple means. 

25 The device will be capable of producing a 

uniform and reproducible concentration of droplets 
in the gas stream over an extended period of time. 
It will also be capable of generating droplets with a 
wide range of selected sizes, covering a range 

30 typically of 5- 200 micrometers diameter. Liquid 
chromatography, particularly modern high perfor- 
mance liquid chromatography, provides a powerful 
tool for the separation of complex mixtures of ei- 
ther organic or inorganic species into their compo- 

35 nents. Such compounds may be thermally unstable 
or involatile under normal gas chromatographic 
conditions. Many organic compounds, including 
those of biological significance, and most tonic and 
inorganic compounds fall in this category. 

40 Infrared and Raman spectrometry are widely 

used techniques for identifying and measuring con- 
centrations of compounds in gases, many liquids, 
and solids. [ Chemical Engineers' Handbook , 22-31, 
Perry, ed. (4th ed. 1963).] 

45 In a liquid chromatograph, a stream of solvent, 

containing a mixture of chemical species in solu- 
tion, is passed at elevated pressure through a 
chromatographic column. The column is so de- 
signed that it separates the mixture, by differential 

so retention on the column, into its components. The 
different components then emerge from the column 
as distinct bands in the solvent stream, separated 
in time. The liquid chromatograph provides, there- 
fore, an ideal device for the introduction of single 

55 species separated from initially complex mixtures 
into an infrared or Raman spectrometer. 

In order for the species emerging from the 
column to be introduced into a particle collection 
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apparatus or an infrared or Raman spectrometer 
mounted in front of the particle collection appara- 
tus, partial or total removal of solvent from the 
dissolved species is desirable. This serves the 
purpose of limiting the species collected on collect- 
ing surfaces or interacting with the infrared beam. 
With extraneous species collected on collecting 
surfaces or interacting with the infrared beam, hy- 
brid and less well characterized infrared or Raman 
spectra are produced. These types of infrared or 
Raman spectra are generally of diminished value 
for unknown compound identification. 

One purpose of the invention is to provide a 
means of collecting small samples of substances 
as trace spots on a moving collection surface, such 
as a rotating disk or a linear collection cylinder. 
The trace spots may be interrogated directly so as 
to create a real-time infrared or Raman spectrum of 
the composition of the chromatographic effluent. 
Alternatively, the collection surface may be re- 
moved from the system and the trace spots exam- 
ined outside the system (i.e., off-line) with an in- 
frared or Raman spectrometer. 

An additional purpose of the invention is to 
provide a means for a combination infrared or 
Raman spectrometer/particle collection system in 
which the particle beam exiting a specially de- 
signed infrared beam interaction cell is collected as 
small samples of substances as trace spots on a 
moving collection surface. This record can be ex- 
amined outside the system with an infrared or 
Raman spectrometer or stored for examination at a 
later date. 

Specifically, preferred goals of the invention 
are: (1) to allow direct, simple interfacing between 
the liquid chromatograph and the particle collection 
apparatus or the infrared or Raman spectrometer 
mounted in front of the particle collection appara- 
tus; (2) to provide efficient species transport be- 
tween the liquid chromatograph and the particle 
collection apparatus or the infrared or Raman spec- 
trometer mounted in front of the particle collection 
apparatus; (3) to allow the use of all normal modes 
of ionization typically used for gas chromatog- 
raphy/infrared spectrometry; (4) to allow operation 
with a wide variety of solvents, (this would include 
solvents and solvent mixtures commonly used in 
normal, reversed phase and ion exchange liquid 
chromatograph -- e.g., alcohols, nitriles, and aque- 
ous buffers together with mixtures of same); (5) to 
produce sufficiently high species enrichment in the 
liquid chromatography effluent, by solvent removal, 
that the desolvated species may be gathered on 
collection surfaces as high purity trace spots, or 
may be introduced directly to the infrared beam 
interaction cell of a conventional infrared or Raman 
spectrometer and thereafter gathering on collection 
surfaces; (6) to be capable of reliable, routine op- 



eration; (7) to be capable of providing precise, 
quantitative analysis of species over at least two 
orders of magnitude infrared range. 

Previous methods for generating uniform 

5 aerosols directly from liquid streams have worked 
on the principle of applying a regular external dis- 
turbance to a liquid cylindrical jet. The disturbance 
has been applied either axially or longitudinally to 
the jet as it emerges from a uniform circular noz- 

w zle. The disturbance has been provided by an 
electromechanical device, such as a piezoelectric 
crystal or a loudspeaker coil, driven by a high 
frequency power source. 

The orifices used have either been laser-drilled 

/5 steel or platinum disks, or fine bore stainless steel 
or glass capillary tubes. In general, the smallest 
droplets claimed for the devices are approximately 
10 micrometers for circular disk orifices and 40 
micrometers for capillary devices. A typical disk 

20 device is that of Berglund and Liu. [Berglund, R.N. 
and Liu, B.Y.H. Env. Sci. & Technology, 7, 147 
(1973).] The liquid is passed under pressure 
through a disk orifice, emerging as a jet which is 
periodically disturbed by oscillations from a piezo- 

25 electric crystal. The piezoelectric crystal is driven 
at a selected frequency by a radiofrequency gener- 
ator. Stable and uniform aerosol production is only 
possible over a restricted range of liquid flow and 
oscillating frequency, for each particular orifice 

30 size. The initial aerosol stream is dispersed by a 
concentric gas jet, diluted with further air and neu- 
tralized electrically with a radioactive source, be- 
fore emerging from the device. 

Capillary devices are typified by that of Lind- 

35 blad and Schneider. [Lindblad, N.R. & Schneider, 
J.M., J. Sci. Instrum., 42,635 (1965).] Here, liquid 
emerges from a stainless capillary tube, is sub- 
jected to transverse disturbances from a piezoelec- 
tric crystal under radiofrequency oscillations, and 

40 breaks into a uniform droplet stream. In general, 
the droplet density produced by the capillary type 
devices is lower than that produced by the disk 
devices, and so dilution gas for prevention of ag- 
glomeration is not used. 

45 Other devices typically used for aerosol pro- 
duction, and suitable for use with a wide range of 
solvents and solutions are pneumatic nebulizers, 
fritted disk nebulizers and spinning disk nebulizers. 
Devices are also available which are based on 

50 ultrasonic aerosol production using focused-beam 
devices. 

A number of approaches to interfacing liquid 
chromatography with infrared or Raman spectrom- 
etry have been attempted. However, all other de- 
55 vices which attempt to couple liquid chromatog- 
raphy with infrared or Raman spectrometry are 
incapable of use with solvents of high water con- 
tent, and are incapable of running on-line with high 
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water content solvents and require off-line collec- 
tion techniques in order to obtain useful infrared or 
Raman spectra. For instance, the two prior meth- 
ods had to be investigated off-line, the samples 
had to be completely devoid of water, and the 
contribution of the solvent had to be removed ei- 
ther by spectral subtraction or by evaporation be- 
fore analysis of the solute. 

The fritted disk nebulizer is another nebulizing 
device which produces a fine, uniformly sized 
aerosol. [L.R. Layman and F.E. Lichte, Analytical 
Chemistry, 54, 638 (1982).] In this device, liquid 
passes over the surface of a porous fritted disk or 
array of narrow bore tubes, through which gas 
emerges. The interaction of gas with liquid pro- 
duces the aerosol. Limitations of the device for 
chromatographic coupling include severe memory 
effects, which result in peak broadening and loss of 
resolution, and also the need to use low liquid 
flows, typically less than 0.1 ml/minute. 

In the first method, the sample coming out of 
the liquid chromatograph was sprayed through a 
nebulizer which evaporated 80-90% of the solvent. 
The solute was then deposited on a suitable sub- 
strate, such as a conventional KBr collection plate 
or a rotating reflective surface, for off-line infrared 
analysis. However, if the solvent contained water, 
the remainder of the water had to be removed, 
generally through heating, as water dissolves the 
KBr substrate. Additionally, any other solvent left in 
the sample showed up as solvent absorption bands 
on the infrared analysis. Therefore, it was neces- 
sary to remove substantially all of the carrier sol- 
vent before subjecting the sample to infrared analy- 
sis in order to obtain unambiguous results. 
[Biemann, K. and J. Gagel, Continuous Infrared 
Spectroscopic Analysis of Isocratic and Gradient 
Elution Reversed-phase Liquid Chromatography 
Separations, 59 Anal. Chem. 1266 (1987).] 

In the second method, the sample coming out 
of the liquid chromatograph was dripped into a 
collection cup or a train of collection cups filled 
with packed KBr. The solvent was evaporated from 
the sample, generally by heating, and the analysis 
was affected in situ diffuse reflectance. This meth- 
od has the same drawbacks as the first method; it 
must be done off-line, all water must be removed, 
and the presence of any solvent can taint the 
results by masking the spectrum. Additionally, any 
heating of the sample has the potential to alter the 
sample and to produce erroneous infrared analysis. 
[Griffiths, P. et al., The Hyphenation of Chromatog- 
raphy and FT-IR Spectrometry, 58 Anal. Chem. 
1349A (No. 13, Nov. 1986).] 

In gas chromatography/Fourier transform infrar- 
ed spectrometry systems, the sample is heated to 
200 to 300 *C in the chromatograph. The spectra 
can be collected as effluent leaves the chromatog- 



raph or after deposition on a cryogenically cooled 
surface. The surface is then placed under the in- 
frared beam for spectral generation. 

In the present invention, using the aerosol gen- 
5 erator described in detail below presents at least 
two distinct advantages. First, there is no need to 
heat or cool the samples, eliminating the potential 
that the compound will decompose under non- 
ambient conditions. Second, there are significantly 
10 more compounds which can be analyzed by liquid 
chromatography that cannot be analyzed by gas 
chromatography, including those which are in- 
volatile or thermally labile. 

The present invention obviates these disadvan- 
T5 tages and provides several additional advantages in 
the continuous on-line infrared or Raman spectral 
analyses of liquid chromatographic components us- 
ing organic or water-based solvents. First, the in- 
vention allows for an on-line analysis of the compo- 
20 nents, either by analysis of particles collected on a 
moving surface or by direct interaction of the in- 
frared beam with the solute particle stream and 
thereafter collecting the particles. Second, the in- 
vention allows for the analysis of solute from a 
25 solution using any solvent, including those with a 
high percentage of water, without the need for 
heating to eliminate the solvent. Third, the particle 
beam can be collected on a suitable collection 
surface, such as KBr, immediately upon exiting the 
30 interface of the invention without the risk of dam- 
age to the surface. 

Fig. 1 is a schematic view of the present inven- 
tion in use as a particle collection system; 
Fig. 2 is a schematic view with a match line to 
35 Fig. 1 of the invention in use as a combination 
infrared spectrometer/mass spectrometer sys- 
tem; 

Fig. 3 is a sectional view through a mon- 
odisperse aerosol generator according to the 
40 invention; 

Fig. 4 is a sectional view through an alternate 
embodiment monodisperse aerosol generator 
using a coaxial gas/liquid injection system; 
Fig. 5 is a graph comparing monodisperse and 
45 polydisperse aerosols as referred to herein; 

Fig. 6 illustrates columnar breakup (A) according 
to this invention in comparison to sinuous 
breakup (B) and atomization (C); and 
Fig. 7 is a Fourier transform infrared spectrum 
so using the Particle Collection mode. 

Figs. 1 and 2 illustrate that form of the inven- 
tion forming an interface for use in a liquid 
chromatography or direct injection to a particle 
collection system or a direct infrared beam/particle 
55 beam interaction, respectively. The relatively pul- 
seless pump 10 of the liquid chromatograph sys- 
tem pumps effluent eluted from the chromatograph 
column (not shown) into the line 11 in which an 
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optional multi-port sample valve 12 may be inter- 
posed. In the combined system, sample injection is 
not used but provision may be necessary to reduce 
the flow through the outlet line 13 and, for this 
purpose, split flow may be adjusted with part of the 
effluent being directed over the line 14 to waste or 
to suitable collection means. For direct injection, 
the pump 10 may pump only solvent in the line 11 
and the sample may be introduced as by the 
syringe 15. 

In any event, the solution is filtered at 16 
before passing through the line 17 to the mon- 
odisperse aerosol generator 18. Although "mon- 
odisperse" implies a single aerosol droplet or par- 
ticle size, that term is used herein to mean droplets 
or particles which have a very narrow range of 
sizes. The meaning should be clear from Fig. 5 
wherein typical monodisperse aerosol within the 
meaning herein is compared with a polydisperse 
aerosol. The polydisperse aerosol illustrated in Fig. 
5 was generated from a Perkin-Elmer cross flow 
pneumatic nebulizer whereas the monodisperse 
aerosol was generated according to this invention 
using a 6mm orifice, as will be described presently. 
The measurements from which Fig. 5 was gen- 
erated were of Fraunhofer diffraction from the 
aerosols generated. 

As will be explained more fully hereinafter, the 
monodisperse aerosol is entrained in a high ve- 
locity gas jet emanating from the capillary 19 and 
is directed into the confined space 20 for the 
purpose of desolvation. The aerosol is suitably 
diluted with sheath gas entering from the line 21 in 
amount sufficient to maintain the desolvation cham- 
ber space 20 substantially at atmospheric pressure. 
The use of substantially atmospheric pressure in 
the chamber 20 greatly enhances the desolvation 
process and allows the monodisperse aerosol 
droplets or particles to be substantially completely 
depleted of the solvent so that by the time the 
aerosol reaches the outlet orifice 22 it is in the form 
of solvent-depleted solute. 

The dispersion and sheath gases preferably 
are inert such as argon or helium from a suitable 
supply 23. Their rates of flow over the line 21 and 
to the capillary 19 may be adjusted by the respec- 
tive flow regulators 24 and 25. 

The chamber 20 may typically be 40mm in 
diameter and approximately 30 cm long. The outlet 
tube 26 may be 0,635 cm (1/4 inch) stainless steel 
tube provided with a suitable shut-off valve 27 to 
isolate the relatively high pressure chamber 20 
from the vacuum region. 

The vacuum region is shown as comprised of 
the two chambers 28 and 29 connected to the 
respective pump 30 and 31 . Typically the pump 30 
evacuates the chamber at a rate of about 300 liters 
per minute to maintain the chamber 28 at a pres- 



sure in the range of 266,6-2666 Pa (2-20 torr) 
where the pump 31 typically evacuates about 150 
liters per minute to maintain the chamber 29 at a 
pressure in the range 1,33-1333 Pa (0.01 to 10 
5 torr). 

The nozzle end 32 of the tube 26 is precisely 
aligned with the conical end 33 of the cone skim- 
mer 34 forming the first skimmer. The separation 
between 32 and 33 typically may be about 1-3 cm. 

io In the particle collection mode (Fig. 1) the separa- 
tion between the nozzle end 35 of the second cone 
skimmer 36 and the rotating collection plate 50 and 
support disk 51 may be in the 1-10 cm range. In 
the infrared radiation/particle interaction mode (Fig. 

75 2) the separation between the nozzle end 35 and 
the flat end of the outlet tube 37 may be in the 5- 
15 cm range. 

With the internal diameter of the nozzle 32 
being 0.5mm whereas the internal diameters of the 

20 two skimmers 33 and 36 and also of the nozzle 35 
being 1.0mm optimum results were obtained as 
were also obtained by using 0.5mm inside diam- 
eters for all but the skimmer 33 whose inside 
diameter was 1.0mm. 

25 

Operation of the System 

1 . Particle Collection Mode 

30 a. Direct Injection Mode 

In this mode of operation, a constant flow of 
solvent is supplied to the monodisperse aerosol 
generator 18 with the low-pulse liquid pump 10. 

35 The monodisperse generator produces a finely dis- 
persed solvent aerosol which passes, together with 
the dispersion gas, into the desolvation chamber 
20. In the desolvation chamber, the majority of the 
solvent evaporates. The combination of dispersion 

40 gas and solvent vapor then passes sequentially 
through the first pressure reduction chamber 28 
where some of the mixture of dispersion gas and 
solvent vapor is removed by vacuum pump 30. The 
remainder of the mixture of dispersion gas and 

45 solvent vapor is removed in the combination pres- 
sure reduction/collection plate chamber 29 by 
vacuum pump 31. 

Samples are introduced to the system by 
means of an injector 15. The sample may be either 

50 a pure liquid, or consist of a solution of solid or 
liquid in a suitable solvent. The injector may be 
either a multi-port valve, a septum injection system, 
or a high performance liquid chromatography auto- 
injector system. Generally, a small sample volume 

55 (typically 5-100 microliters) is introduced, which 
might typically contain a few micrograms or nanog- 
rams of the substance to be analyzed. The aerosol 
generated by the monodisperse generator now 
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passes through the desolvation chamber and the 
first pressure reduction/skimmer chamber which 
skims off the particle beam from the gas stream, 
enriching the particle beam. However, when sam- 
ple is present in the solvent stream, a highly dis- 
persed aerosol of sample material remains after 
solvent evaporation. The particle beam then passes 
to a second chamber where the pressure is re- 
duced further and the particles are collected on the 
collection plate as a small spot whose diameter is 
approximately equal to the diameter of the skim- 
mer in the momentum separator (typically 0.1 to 
2.0 mm depending on the choice of an appropriate 
skimmer diameter and skimmer configuration). This 
spot may be interrogated directly for a real-time 
infrared or Raman spectra of the chromatogram or 
the collection surface may be removed and exam- 
ined off-line with an infrared or Raman spectrom- 
eter. The separation of the particle beam from the 
gas stream is effective because the supersonic 
expansion which occurs through the skimmer of the 
interface imparts sufficient momentum to the 
aerosol particles so that they are largely unaffected 
by the pumps in the two chambers 28, 29. 

b. High Performance Liquid Chromatograph Mode 

Operation of the interface with a high perfor- 
mance liquid chromatograph is very similar to op- 
eration with the direct injection device described in 
the previous section. The only substantial differ- 
ence is that the sample may now contain a mixture 
of compounds, which are separated into individual 
compounds by passage through a chromatography 
column (not shown) placed between the injector 
valve and the aerosol generator. 

2. Infrared Radiation/Particle Interaction Mode (not 
according to the invention) 

Operation of the interface in the infrared radi- 
ation/particle interface (IR/PI) mode in the direct 
injection mode and the high performance liquid 
chromatograph modes is very similar to the opera- 
tion of the interface in the particle collection mode 
in the direct injection mode and the high perfor- 
mance liquid chromatograph mode. The substantial 
difference is that now the sample after leaving the 
desolvation chamber passes through two pressure 
reduction chambers 28, 29 and out through an 
outlet tube 37 and into a cell 52. In this cell, the 
infrared beam 55 is focused by two mirrors 53, 54 
so as to interact directly with the particle beam. An 
infrared spectrum is then produced by direct par- 
ticle/radiation interaction. This mode does not re- 
quire any particle collection and allows the rapid 
generation of infrared spectral data. 



3. Combination Infrared Spectrometer/Mass Spec- 
trometer Mode (not according to the invention) 

Operation of the combination infrared spec- 
s trometer/mass spectrometer (IR/MS) system is very 
similar to operation of the IR/PI mode with the only 
substantial difference being a dual spectrometer 
system in which a mass spectrometer M is con- 
nected to the infrared beam interaction cell 52 by 
w an extension outlet tube 137. 

4. Combination Infrared Spectrometer/Particle Col- 
lection Mode 

15 Operation of the combination infrared spec- 
trometer/particle collection (IR/PC) system is very 
similar to operation of the IR/PI mode with the only 
substantial difference being the addition of a par- 
ticle collection system 50,51 connected to the in- 

20 frared beam cell 52 by an extension outlet tube 
137. The particle collection plate 50 can be exam- 
ined off-line or stored for later examination. 

Fig. 3 illustrates the preferred nebulizer or 
monodisperse aerosol generator according to this 

25 invention. As shown, the housing of the generator 
is provided, having a glass tube connection 22 for 
connection to the desolvation chamber (Fig. 1), for 
containing the nebulizer. The nebulizer structure 
comprises the hollow tube 142 seated in the retain- 

30 ing gasket 154 in body 151 and held in place by 
the cap 152 threaded onto the body 151 as shown. 
Line 17 enters body 151 through retaining gasket 
155 and held in place by the cap 153. The entire 
body structure is connected to the monodisperse 

35 aerosol generator 18 by gaskets 144 between caps 
152 and 153 and support column 143. The solution 
is pumped through the line 17 previously described 
and causes same to issue a stable jet from the tip 
of the tube 142. 

40 Fig. 4 illustrates an alternate embodiment 

nebulizer or monodisperse aerosol generator. As 
shown, the nebulizer structure comprises the hol- 
low tube 242 supported by retaining tube 243, both 
located within and coaxial to tube 219. The solution 

45 is pumped through the line 217 and causes same 
to issue a stable jet from the tip of tube 242 which 
mixes with the gas jet issued from tube 219. In this 
embodiment, the gas jet within tube 219 acts as a 
self-centering device for tube 242 within tube 219. 

so Although the diameter of the nozzle orifice may 
range between about 2 to about 100 micrometers, 
the range of about 9 to about 20 micrometers is 
preferred. The stable jet is controlled as to its 
velocity so that it is subjected to the columnar 

55 breakup as indicated in Fig. 6 at A. Progressively 
higher velocities are depicted at B and C which 
respectively illustrate sinuous breakup and atom- 
ization. 
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The columnar or monodisperse breakup of A is 
Rayleigh breakup and produces droplets or par- 
ticles D of substantially uniform size and spacing, 
the droplet diameters being about two times the 
orifice diameter. Generally speaking, with the pre- 5 
f erred orifice diameters, the stable jets with 
Rayleigh breakup were produced with flow rates 
below about 3 mL/min. 

The glass nebulizer tip is constructed from 
thick walled glass capillary tubing of approximately w 
0.635 cm (0.25 inches) external diameter. One end 
of the tube is initially flame sealed, to give a 
conical closure to the tube. This end is then 
opened, by grinding with a fine abrasive medium 
(such as 400 grade silicon carbide paper), until an 75 
orifice of suitable diameter has been created. The 
diameter of the orifice may be measured using a 
calibrated microscope. The other end of the tube is 
formed into a lip, which is ground on its lower edge 
to form a liquid-tight seal against the gasket place 20 
in the threaded end of the metal block. The 
nebulizer tip is held in place with the retaining cap. 

The liquid supply to the device comes from a 
pump, capable of sustaining liquid flows in the 
range of 0.01 mL/min.- 3 mLymin., at pressures up 25 
to approximately 2068 kPa (300 pounds per square 
inch). The pump should also provide little pressure 
pulstation in operation. A typical pump used is one 
suitable for High Performance Liquid Chromatog- 
raphy. 30 

Dispersion gas is introduced from a capillary 
tube 19, constructed from stainless steel or some 
other suitable rigid material. The dispersion gas 
tube is positioned with suitable alignment devices, 
to be fixed at between 3 and 10mm above the tip 35 
of the glass orifice 142. Dispersion gas, controlled 
by suitable means such as pressure controllers, 
needle valves and rotameters, flow through the 
dispersion gas capillary at a flow adequate to pro- 
duce efficient dispersion of the aerosol. Flows will 40 
typically be in the range of 0.5 to 2 Umin. of gas. 

The aerosol produced by the device may be 
sampled by any appropriate means, or pass into a 
desolvation chamber or sampling port of another 
device by sealing the aerosol generation device 45 
into a closed chamber. This first chamber may 
then be sealed to subsequent devices, to ensure 
efficient transfer of the aerosol to these devices. 

The primary differences between this device 
and previous devices, and the advantages resulting so 
from these, are the following: 

(1) No source of external mechanical distur- 
bance is needed for the operation of the device. 

(2) The orifice may be readily constructed from 
glass capillary tubing, to produce highly circular 55 
openings of 2 micrometers diameter and above. 

(3) The diameter of the aerosol produced by the 
device is controlled by the diameter of the liquid 



orifice. The aerosol particle diameter is approxi- 
mately 1.2 x the orifice diameter. The precise 
relationship between aerosol diameter and ori- 
fice diameter is dependent on the compres- 
sibility of the liquid. 

(4) The selection of aerosol diameter, by inter- 
change of orifices, may be accomplished readily 
and rapidly. 

(5) The device operates very stably over ex- 
tended periods of time without the need for 
adjustment. 

(6) The device operates very reproducibly from 
day to day, without the need for realignment of 
components, or the re-optimization of param- 
eters, between runs. 

(7) A wide variety of liquids may be used with 
the device, requiring only that the contents of 
the liquid reservoir be changed in order to 
change the liquid to be converted to an aerosol. 
Both water, organic solvents mixtures of water 
and organic solvents, and mixtures of organic 
solvents may be used with the device. 

(8) Inorganic and organic species may be dis- 
solved in any of the solvents or solvent mixtures 
mentioned in item (7) at concentrations up to 
1% by weight of dissolved solids, without bloc- 
kage problems occurring in the device. 

(9) A wide variety of solvents may be used, 
including 100% water, without the need for heat 
nebulizers, ambient solvent evaporation, or heat 
solvent evaporation, even when using KBr col- 
lection plates. 

(10) Continuous, on-line infrared or Raman spec- 
tral analysis can be performed without the need 
to remove collection plates or to interrupt the 
process for off-line analysis. 

(11) The particle collection plate, if used instead 
of or in conjunction with the light tube, can be 
saved as a "hard copy" of the spectrum. 

(12) The conical skimmer design of the interface 
improves the efficiency of the solvent and car- 
rier gas removal process by about 10 times over 
prior designs. 

(1 3) The spectra developed can be compared to 
a computerized spectra reference base to iden- 
tify the sample spectra. 

(14) The generally solvent-free particle beam 
has small dimensions on the order of 0.1 to 
2.0mm diameter which allows for a greater num- 
ber of sample spots to be collected on the 
collection plates. 

(15) The low pressure in the collection chamber 
improves the collection on the collection surface 
by reducing the air boundary layer on its sur- 
face. 

(16) Solvent water is eliminated so efficiently 
that alkali halide collection plates may be used 
without the water dissolving the alkali halide 
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plate. 

(17) The particle beam deposits small diameter 
sample spots on the alkali halide plate without 
the necessity of manually placing dried samples 
on the alkali halide plate. 
It will be appreciated that to prevent degrada- 
tion of the monodisperse aerosol generation due to 
coagulation and/or impact between droplets, the 
dispersion must be effected near the point of ran- 
dom or Rayleigh breakup, by dispersing the 
aerosol preferably either coaxially, or at an angle, 
preferably about 90 * , to the axis of the stable jet. It 
will also be appreciated that the vacuum means 
continuously evacuates gaseous medium solvent 
vapor and solvent-depleted solute, while separating 
off the solvent vapor and gaseous medium and 
form the monodisperse aerosol beam of solvent- 
depleted solute. This beam has high momentum 
and passes through the final skimmer into the ion 
source. It should also be understood that the sol- 
vent-depleted solute beam consists of particles of 
smaller size than those of the originally generated 
aerosol and contains a somewhat greater relative 
size range of distribution. 

It should also be noted that this invention 
serves the following purpose: the interface between 
a flowing liquid stream and a particle collection 
device or a Fourier transform infrared or near in- 
frared Fourier transform Raman spectrometer, or 
Hadamard transform infrared spectrometer, or 
Hadamard transform near infrared Raman spec- 
trometer. Although the interface contains the 
aerosol generator, the combination of physical pro- 
cesses to remove solvent from the droplets and 
enrich the solute particles is also critical for the 
performance of the interface. 

The aerosol generation/desolvation device pro- 
duces a stream of dry monodispersed particles 
which in this invention either are collected with high 
efficiency and very little beam spreading onto a 
collection device for interogation by an infrared 
beam, or are passed through a cell for interaction 
with the infrared beam producing an immediate 
infrared spectral analysis and then collected onto a 
collection surface. This invention is also the only 
known device which allows on-line production of 
Fourier transform infrared spectra or Fourier trans- 
form Raman spectra, or Hadamard transform in- 
frared spectra or Hadamard transform Raman 
spectra from both polar and non-polar solutions. 

Claims 

1. A system for producing an aerosol beam of 
solvent-depleted solute with a narrow particle 
size distribution, which comprises nozzle 
means (142, 242) for discharging a stable, 
cylindrical jet of a solution into a confined 



space (20), the solution including a relatively 
volatile solvent with a relatively involatile solute 
dissolved therein, supply means (10, 15) for 
supplying the solution to said nozzle means at 

5 a rate sufficient to maintain the velocity of the 

jet at a value such that droplet formation oc- 
curs, dispersion means (19, 219) for entraining 
said droplets in a gaseous medium near the 
point of droplet formation, a desolvating cham- 

io ber (20) receiving the entrained droplets at one 

end thereof and having a restricted outlet (22) 
spaced sufficiently far from said one end to 
allow volatilization of said solvent before reach- 
ing said restricted outlet, vacuum means (30) 

15 for continuously evacuating gaseous medium, 

solvent vapor and solvent-depleted solute at 
high velocity through said restricted outlet to 
form an aerosol beam of solvent-depleted so- 
lute with a narrow particle size distribution 

20 while separating off solvent vapor and gaseous 

medium, characterized by a collection surface 
(50) for collecting the beam of solute particles. 

2. A system as defined in Claim 1 , further includ- 
25 ing an infrared or Raman spectrometer (52) for 

interrogating the aerosol beam of solvent-de- 
pleted solute. 

3. A system as defined in Claim 1, wherein said 
30 desolvating chamber (20) is maintained at 

about atmospheric pressure and said vacuum 
means includes a vacuum chamber (28) con- 
nected to said restricted outlet (22) and a 
vacuum pump (30) which maintains said vacu- 
35 um chamber at a pressure in the range of 
266,6-2666 Pa (2-20 torr). 

4. A system as defined in Claim 3, including a 
second vacuum chamber (29) and a vacuum 

40 pump (31) which maintains said second vacu- 

um chamber at a pressure in the range of 1 ,3 
to 1333 Pa (0.01 to 10 torr), and skimmer 
means (34) for separating said beam of sol- 
vent-depleted solute from said vacuum cham- 

45 ber first mentioned (28) into said second vacu- 

um chamber (29). 

5. A system as defined in Claim 1, wherein said 
collection surface is movable. 

50 

6. A system as defined in Claim 3, including 
second skimmer means (36) for separating the 
beam of solute particles from said second 
vacuum chamber (29). 

55 

7. A system as defined in Claim 1, wherein said 
nozzle means includes a discharge orifice 
(142, 242) having a diameter in the range of 2 
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micrometers to about 100 micrometers. 

8. A system as defined in Claim 7, wherein said 
dispersion means includes a capillary (19, 219) 
and a gas source (23) which supplies disper- 
sion gas to the capillary at a rate of about 1/2 
to about 2 liters per minute. 

9. A system as defined in Claim 8, wherein said 
supply means (10, 15) supplies liquid to the 
nozzle means at a rate of about 0.01 
mL/minute to about 3 mL/minute. 

10. A system as defined in Claim 9, wherein said 
capillary (19) discharges dispersion gas at a 
distance between 3mm and 10mm above the 
tip of said discharge orifice. 

11. A system as defined in Claim 1, wherein said 
nozzle means comprises a capillary tube dis- 
charge orifice (242) located coaxially within 
said dispersion means. 

12. A system as defined in Claim 11, wherein said 
dispersion means includes a gas source (23) 
which supplies a dispersion gas and a second 
capillary tube discharge orifice (219) for receiv- 
ing and directing said dispersion gas. 

13. A system as defined in Claim 12, wherein said 
second capillary tube discharge orifice (219) is 
coaxial and concentric with said first capillary 
tube discharge orifice (242). 

14. A system as defined in Claim 13, wherein said 
first capillary tube discharge orifice (242) has a 
diameter in the range of about 2 to about 100 
micrometers. 

15. A system as defined in Claim 12, wherein said 
gas source (23) supplies dispersion gas to said 
dispersion means at a rate of about 1/2 to 
about 2 L/min. 

16. A system as defined in Claim 12, wherein said 
supply means (10, 15) supplies liquid to said 
nozzle means at a rate of about 0.01 to about 
3 ml/min. 

17. A system as defined in Claim 2, further com- 
prising means (137) for directing the aerosol 
beam from the infrared or Raman spectrometer 
into a mass spectrometer (m). 

18. A method of introducing solute into an infrared 
or Raman spectrometer, which comprises the 
steps of: 



(a) providing a solution including a relatively 
volatile solvent and a relatively involatile so- 
lute; 

(b) generating an aerosol from the solution 
5 by delivering the solution through a conduit 

at a velocity such that formation of droplets 
with a narrow size distribution occurs; 

(c) providing a dispersing gas; 

(d) dispersing the formed droplets with the 
w gas; 

(e) entraining the aerosol in gas and desol- 
vating the aerosol at substantially atmo- 
spheric pressure; 

(f) expanding the components of step (e) 
15 into low pressure environment while remov- 
ing gas therefrom to form a high momentum 
aerosol beam of solute particles with a nar- 
row particle size distribution; and which 
method is characterized by 

20 (g) directing said beam onto a collection 

surface. 

19. A method as defined in Claim 18, wherein an 
infrared beam directly interacts with the beam 

25 of solute particles. 

20. A method as defined in Claim 18, wherein the 
beam of solute particles is directed into an 
infrared or Raman spectrometer for interroga- 

30 tion by the infrared or Raman spectrometer. 

21. A method as defined in Claim 20, wherein the 
beam of solute particles is subsequently di- 
rected from the infrared or Raman spectrom- 

35 eter into a mass spectrometer. 

22. A method as defined in Claim 18, wherein the 
solution is provided from the effluent of a liquid 
chromatograph. 

40 

Patentansprtiche 

1. System zur Erzeugung eines Aerosolstrahls 
von Losungsmittel-abgereichertem gelostem 

45 Stoff mit einer schmalen TeilchengroBenvertei- 

lung, mit einer Duse (142,242) zur Abgabe 
eines stetigen, zylindrischen Strahls einer ein 
vergleichsweise flUchtiges Losungsmittel mit 
einem darin gelosten, vergleichsweise nicht- 

50 flUchtigen Stoff enthaltenden Losung in einen 

begrenzten Raum (20), mit einer Beschik- 
kungsvorrichtung (10,15) zum ZufUhren der 
LQsung zu der DUse in ausreichendem MaB, 
urn die Geschwindigkeit des Strahls auf einem 

55 solchen Wert zu halten, daB TrcJpfchenbildung 
auftritt, mit einem ZerstSubungsorgan (19,219) 
zum MitreiBen der Tropfchen in einem gasfor- 
migen Medium nahe der Stelle der Tropfchen- 
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bildung, mit einer an ihrem einen Ende die 
mitgerissenen Tropfchen aufnehmenden De- 
solvatations-Kammer (20), die einen begrenz- 
ten AuslaB (22) aufweist, der genOgend weit 
von dem einen Ende entfernt angeordnet ist, 5 
urn die Verdampfung des Ldsungsmittels vor 
Erreichen des begrenzten Auslasses zuzulas- 
sen, mit einer Vakuum-Vorrichtung (30) zum 
kontinuierlichen Absaugen von gasformigem 
Medium, Losungsmitteldampf und Losungsmit- w 
tel-abgereichertem gelostem Stoff bei hoher 
Geschwindigkeit durch den begrenzten AuslaB, 
urn einen Aerosoistrahl von L6sungsmittel-ab- 
gereichertem gelostem Stoff mit einer schma- 
len TeilchengroSenverteilung unter Abtrennung 75 
von Losungsmitteldampf und gasf6rmigem 
Medium zu erzeugen, gekennzeichnet durch 
eine Sammelflache (50) zum Auffangen des 
Strahls von Teilchen des geiosten Stoff s. 

20 

2. System nach Anspruch 1, welches zusatzlich 
ein Infrarot- oder Raman-Spektrometer (52) 
zum Analysieren des Aerosolstrahls von LQ- 
sungsmittel-abgereichertem gelostem Stoff 
umfaBt. 25 

3. System nach Anspruch 1, worin die Desolvata- 
tions-Kammer (20) ungefahr auf atmosphari- 
schem Druck gehalten ist und die Vakuum- 
Vorrichtung eine an den begrenzten AuslaB 30 
(22) angeschlossene Vakuumkammer (28) und 

eine die Vakuumkammer auf einem Druck im 
Bereich von 266,6 bis 2666 Pa (2 bis 20 Torr) 
haltende Vakuumpumpe (30) umfaBt. 

35 

4. System nach Anspruch 3, welches eine zweite 
Vakuumkammer (29) und eine die zweite Vaku- 
umkammer auf einem Druck im Bereich von 
1,3 bis 1333 Pa (0.01 bis 10 Torr) haltende 
Vakuumpumpe (31) und einen Abstreifer (34) 40 
zum Absondern des Strahls von Losungsmit- 
tel-abgereichertem gelSstem Stoff von der 
erstgenannten Vakuumkammer (28) in die 
zweite Vakuumkammer (29) umfaBt. 

45 

5. System nach Anspruch 1, worin die Sammel- 
flache bewegbar ist. 

6. System nach Anspruch 3, welches einen zwei- 

ten Abstreifer (36) zum Absondern des Strahls 50 
von Teilchen des geiosten Stoff s von der zwei- 
ten Vakuumkammer (29) umfaBt. 

7. System nach Anspruch 1, worin die DUse eine 
AusstromSffnung (142,242) umfafit, die einen 55 
Durchmesser im Bereich von 2 urn bis unge- 
fahr 100 urn aufweist. 



8. System nach Anspruch 7, worin das Zerstau- 
bungsorgan eine Kapillare (19,219) und eine 
Zerstaubungsgas an die Kapillare in einer 
Menge von ungefahr £ bis ungefahr 2 I in der 
Minute liefernde Gasquelle (23) aufweist. 

9. System nach Anspruch 8, worin die Beschik- 
kungsvorrichtung (10,15) der DUse FlUssigkeit 
mit einer Rate von ungefahr 0,01 ml/min bis 
ungefahr 3 ml/min zufuhrt. 

10. System nach Anspruch 9, worin die Kapillare 
(19) Zerstaubungsgas in einem Abstand zwi- 
schen 3 mm und 10 mm oberhalb der Spitze 
der Ausstromoffnung abgibt. 

11. System nach Anspruch 1, worin die DUse eine 
koaxial innerhalb des Zerstaubungsorgans an- 
geordnete Kapillarrohren-Ausstrdmoffnung 
(242) aufweist. 

12. System nach Anspruch 11, worin das Zerstau- 
bungsorgan eine ein Zerstaubungsgas liefern- 
de Gasquelle (23) und eine das Zerstaubungs- 
gas erhaitende und richtende Kapillarrohren- 
Ausstromoffnung (219) umfaBt. 

13. System nach Anspruch 12, worin die zweite 
Kapillarrohren-Ausstromoffnung (219) koaxial 
und konzentrisch zu der ersten Kapillarrohren- 
Ausstromoffnung (242) angeordnet ist. 

14. System nach Anspruch 13, worin die erste 
Kapillarrohren-Ausstromoffnung (242) einen 
Durchmesser im Bereich von ungefahr 2 bis 
ungefahr 100 urn aufweist. 

15. System nach Anspruch 12, worin die Gasquel- 
le (23) Zerstaubungsgas an das ZerstSubungs- 
organ mit einer Rate von ungefahr £ bis unge- 
fahr 2 l/min liefert. 

16. System nach Anspruch 12, worin die Beschik- 
kungsvorrichtung (10,15) FlUssigkeit an die 
DOse mit einer Rate von ungefahr 0,01 bis 
ungefahr 3 ml/min liefert. 

17. System nach Anspruch 2, welches zusatzlich 
Mittel (137) zum Leiten des Aerosolstrahls von 
dem Infrarot- Oder Raman-Spektrometer in ein 
Massenspektrometer (M) umfaBt. 

18. Verfahren zum EinfOhren geiosten Stoffs in ein 
Infrarot-oder Raman-Spektrometer, welches die 
Schritte umfaBt: 

a) eine ein vergleichsweise fluchtiges L6- 
sungsmittel und einen vergleichsweise 
nicht-flUchtigen geiosten Stoff enthaltende 



10 



19 



EP 0 455 892 B1 



20 



Losung wird geliefert; 

b) ein Aerosol wird aus der Losung erzeugt, 
indem die Losung durch einen Kanal hin- 
durch bei einer solchen Geschwindigkeit 
geliefert wird, daB Tro'pfchenbildung mit ei- 
ner schmalen GrdBenverteilung auftritt; 

c) ein Zerstaubungsgas wird geliefert; 

d) die gebildeten Trdpfchen werden mit 
dem Gas zersta'ubt; 

e) das Aerosol wird im Gas mitgerissen und 
bei im wesentlichen atmospharischem 
Druck desolvatisiert; 

f) die Komponenten nach Schritt (e) werden 
in eine Niederdruck-Umgebung entspannt, 
wahrend das Gas davon entfernt wird, urn 
einen Hochimpuis-Aerosolstrahl von Teil- 
chen des gelosten Stoffs mit einer schma- 
len TeilchengroBenverteilung zu bilden; 
dadurch gekennzeichnet, daB 

g) der Strahl auf eine Sammetflache geleitet 
wird. 

19. Verfahren nach Anspruch 18, bei welchem ein 
Infrarot-Strahl direkt mit dem Strahl von Teil- 
chen des gelSsten Stoffs wechselwirkt. 

20. Verfahren nach Anspruch 18, bei welchem der 
Strahl von Teilchen des gelosten Stoffs in ein 
Infrarot- oder Raman-Spektrometer zur Analyse 
durch das Infrarot- oder Raman-Spektrometer 
geleitet wird. 

21. Verfahren nach Anspruch 20, bei welchem der 
Strahl von Teilchen des gelosten Stoffs dem 
Infrarot- oder Raman-Spektrometer nachfol- 
gend in ein Massenspektrometer geleitet wird. 

22. Verfahren nach Anspruch 18, bei welchem die 
Losung von dem AbfluB eines Flussigkeits- 
Chromatographen geliefert wird. 

Revendications 

1. Dispositif de production d'un faisceau aerosol 
de solute appauvri en solvant a distribution 
6troite de tailles de particules, qui comprend 
des moyens a buses (142, 242) pour ejecter 
un jet cyiindrique stable d'une solution dans un 
espace confine* (20), la solution contenant un 
solvant relativement volatile ou est dissout un 
solute relativement non volatile, des moyens 
d'alimentation (10, 15) pour alimenter lesdits 
moyens a buses en solution a un d^bit suffi- 
sant pour maintenir la vitesse du jet a une 
valeur telle qu'il se produit une formation de 
gouttelettes, des moyens de dispersion (19, 
219) pour entraTner lesdites gouttelettes dans 
un milieu gazeux proche du point de formation 



de gouttelettes, une chambre de desolvatation 
(20) recevant les gouttelettes entrances a 
Tune de ses extre* mites et comportant une 
sortie resserree (22) suffisamment eloignee de 

5 cette extr§mite pour permettre la volatilisation 

dudit solvant avant qu'il atteigne ladite sortie 
resserree, des moyens a vide (30) pour pom- 
per de fagon continue le milieu gazeux, la 
vapeur de solvant et le solute" appauvri en 

io solvant a vitesse 4levee a travers ladite sortie 

resserree afin de former un faisceau aerosol 
de solute appauvri en solvant a distribution 
6troite de tailles de particules tout en s^parant 
la vapeur de solvant et le milieu gazeux, carac- 

75 terise* par une surface collectrice (50) destined 

a collector le faisceau de particules de solute. 

2. Dispositif selon la revendication 1 , comprenant 
en outre un spectrometre infrarouge ou de 

20 Raman (52) pour analyser le faisceau aerosol 

de solute appauvri en solvant. 

3. Dispositif selon la revendication 1, dans lequel 
ladite chambre de desolvatation (20) est main- 

25 tenue environ a la pression atmosphe>ique et 

lesdits moyens a vide comprennent une cham- 
bre a vide (28) reliee a ladite sortie resserree 
(22) et une pompe a vide (30) qui maintient 
ladite chambre a vide a une pression comprise 

30 entre 266,6 et 2666 Pa (2 a 20 torr). 

4. Dispositif selon la revendication 3, comprenant 
une deuxieme chambre a vide (29) et une 
pompe a vide (31) qui maintient ladite deuxie- 

35 me chambre a vide a une pression comprise 
entre 1,3 et 1333 Pa (0,01 a 10 torr), et des 
moyens de separateurs (34) destines a sepa- 
rer ledit faisceau de solute appauvri en solvant 
de ladite chambre a vide mentionn^e en pre- 

40 mier (28) dans ladite deuxieme chambre a 

vide (29). 

5. Dispositif selon la revendication 1 , dans lequel 
ladite surface collectrice peut se deplacer. 

45 

6. Dispositif selon la revendication 3, comprenant 
des deuxiemes moyens de separateurs (36) 
destines a separer le faisceau de particules de 
solute de ladite deuxieme chambre a vide 

so (29). 

7. Dispositif selon la revendication 1, dans lequel 
lesdits moyens a buses comprennent un orifi- 
ce dejection (142, 242) dont le diametre est 

55 compris entre 2 urn et environ 100 urn. 

8. Dispositif selon la revendication 7, dans lequel 
lesdits moyens de dispersion comprennent un 
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capillaire (19, 219) et une source de gaz (23) 
qui alimente le capillaire en gaz de dispersion 
a un debit d'environ 1/2 a environ 2 litres par 
minute. 

5 

9. Dispositif selon la revendi cation 8, dans lequel 
lesdits moyens d'alimentation (10, 15) alimen- 
tent les moyens a buses en liquide a un ddbit 
d'environ 0,01 ml/minute a environ 3 
ml/minute. w 

10. Dispositif selon la revendication 9, dans lequel 
iedit capillaire (19) d£livre le gaz de dispersion 
a une distance comprise entre 3 mm et 10 

mm au-dessus de I'extrSmite* dudit orifice rs 
dejection. 

11. Dispositif selon la revendication 1, dans lequel 
lesdits moyens a buses comprennent un orifi- 
ce d'ejection de tube capillaire (242) dispose* 20 
coaxialement a I'interieur desdits moyens de 
dispersion. 

12. Dispositif selon la revendication 11, dans le- 
quel lesdits moyens de dispersion compren- 25 
nent une source de gaz (23) qui fournit un gaz 

de dispersion et un deuxieme orifice dejection 
de tube capillaire (219) pour recevoir et diriger 
Iedit gaz de dispersion. 

30 

13. Dispositif selon la revendication 12, dans le- 
quel Iedit deuxieme orifice dejection de tube 
capillaire (219) est coaxial et concentrique au- 
dit premier orifice d'ejection de tube capillaire 
(242). 35 

14. Dispositif selon la revendication 13, dans le- 
quel Iedit premier orifice d'ejection de tube 
capillaire (242) a un diametre compris entre 
environ 2 et environ 100 urn. 40 

15. Dispositif selon la revendication 12, dans le- 
quel ladite source de gaz (23) alimente lesdits 
moyens de dispersion en gaz de dispersion a 

un d6bit d'environ 1/2 a environ 2 l/mn. 45 

16. Dispositif selon la revendication 12, dans le- 
quel lesdits moyens d'alimentation (10, 15) ali- 
mentent lesdits moyens a buses en liquide a 

un dSbit d'environ 0,01 a environ 3 ml/mn. 50 

17. Dispositif selon la revendication 2, comprenant 
en outre des moyens (137) pour diriger le 
faisceau aerosol a parti r du spectrometre infra- 
rouge ou de Raman dans un spectrometre de 55 
masse (m). 



18. ProcSde d'introduction d'un solute dans un 
spectrometre infrarouge ou de Raman, qui 
comporte les etapes de : 

(a) fourniture d'une solution contenant un 
solvant relativement volatile et un solute" re- 
lativement non volatile ; 

(b) formation d'un aerosol a partir de la 
solution par Ejection de la solution a travers 
un conduit a une vitesse telle qu'il y a 
formation de gouttelettes a distribution de 
taiiles etroite ; 

(c) fourniture d'un gaz de dispersion ; 

(d) dispersion des gouttelettes formers 
avec le gaz ; 

(e) entraTnement de l'ae>osol dans le gaz et 
d£solvatation de I'aeVosol a une pression 
sensiblement egale a la pression atmosphe- 
rique ; 

(f) dilatation des composants de l'£tape (e) 
en environnement basse pression tout en 
en retirant le gaz afin de former un faisceau 
aeVosol a haute impulsion de particules de 
solute* a distribution Etroite de taiiles de 
particules ; et lequel procede est caracterise* 
par 

(g) le guidage dudit faisceau sur une surfa- 
ce collectrice. 

19. Proc^de* selon la revendication 18, dans lequel 
un faisceau infrarouge interagit directement 
avec le faisceau de particules de solute. 

20. ProcSde* selon la revendication 18, dans lequel 
le faisceau de particules de solute est dirige* 
dans un spectrometre infrarouge ou de Raman 
pour etre examine* par le spectrometre infra- 
rouge ou de Raman. 

21. Proc^de* selon la revendication 20, dans lequel 
le faisceau de particules de solute* est succes- 
sivement dirige du spectrometre infrarouge ou 
de Raman dans un spectrometre de masse. 

22. Procede* selon la revendication 18, dans lequel 
la solution est fournie par I'effluent d'un chro- 
matographe liquide. 
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